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al! bags, luE thls oouLd have lequlled reroval of Ehe celling panels and sohe of the paltlEton
wa11s, theleby reduclng the stlffness oI lhe Dob1le hoEe BupelsEluctule. In vles of the
fact that the roof ueobrane 6cts as a rrue ierbrane, belng seculed only ar lhe ?erlDeEe! co

heade!6 rhlch aie ln tuln nalled lnto lhe ends of rhe loof rrus€es, Ehe upLlfE tlne load

applied dhectly to the ends of the roof trusses w66 deeEed to be an accepEable approxlMtlon
of actull vlod loadlog. No correspondlng 1lne load vas applled !o rhe "leeqard" edge of
the root sysE@ as thls vould have requlled peneElating all of rhe palclclon walls DlEh rhe

{1IfIetrees. Thls oolssion Fas no! consideled ro be signlflcant because lhe inrenslrles
of both the neen atd fluctuatlns Dressules ale ouch less on the le*ard hslf of rhe ioof.

The raos were controlled by a Eulcl!1e-chantrel hydraullc load nalncalner qhrch allored
Ehe load lnc!@eDts to be sioultaneously applled to each ulffletree rhtle Eaiorainin8 a

coesranE lelatlve load lntenslty. The force 1lnks berween che folndatlon sysEeE and Ehe

naln support frane ellosed a direct conpalison lelseen app1led loeds end reactlons. Load

ceUs were lnsEaUed la Ehe dlaSonaL and ove!-the-top t1e-dohs aE load pornr No. 3 (see

rigures 7,1 !trd 7.5). HorizoDlal derlections eere Eesured by oeans of dlsplaceoen!
tlansducers nounEed on supporcE along the ledaid eaU. The8e transducer supporEs ele
lsolaEed froo the rob11e hooe and the @ln suDpolr Ilue and the eea6uled deflecElons
therefore 1nc1!ded contrlbuElors froo both che Eob11e hoEe prope! and the foundacion sysEed.

Verlcal dlsplac@enrs of the floor systeD se.e oeasured at selected polnt6 along the

"vlndrar<I" w.ll Bo that aplarent hollzorEa1 deflecrloqs due to loratlon of rhe @b1le hoEe

could be accounred tor. T\,o disphcmena clan6ducers munted on telescoplng sup?oiEs

plovided 6 mea6ule of dlagoEl strain tn a veltlcsl plane at rldlen8Eh of rhe @bile hoDe.

The dlaltal dats acqulsitlon sysr€r u6ed 1n ahls phrse of the study can rultiplex up Eo

200 rorlevel s1sn.1 lnpucs Et a rate of 10 channels ?er second and.ve!a8es each saople ove!
a 15 m6ec pellod to loplove the stgn.1 co nol6e rltlo. MaxltruE e!!o! due to transducer
drlfE, notrlltretllty .nd A-D convelslon was apploxi@Ee1y + I percetrE.

7.2 Load-Deflectlon Heasurebents and Fallure Moder - All 16ds ,ere a,p11ed ln increneDrs
and deflectlols sere 1n nost cases recorded froi 1 ro 2 ElnureE after Ehe load 1ncleaenr
had been applted. The llne loads qele lropoltlooed so as to approxi@ce rhe pressure

dl5E!1lutloDs suatested by Flgure 5,8 and the loEd lErensltles uele calculated fo! aEsuoed

baslc ulnd sreeds uslng the di.8 and 11fE coefftctents pEesenre<l ln Sectlon 6.5. In Dhe

foUowlnt dlscusslonr reference 1E ude to Elgule 7.5 vhich lndlcaEes the locaElons of the
boors (load poltrts I to 4) and the sectlo!6 et vhlch horlzoEtal deflecrtonE qele EeaBuled

at the ce111n8 and floo! p.1aEe6 (deolguted ao 1T, IB,2T, erc.) Un1e66 orhe lse nored,
horlzontel delleccloEs at the ce1Ilng plane .!e lelarlve to rhe floor pl.ne and h6ve been

collected fo! lolatton ol the tloo! sy8td. The loads p1olted agaltrsE deflectlotrs ar Ehe

!1oo! plene correspond to the tot6l shea! pe! unlt jlengrh, 1.e,, the s@ of the top and

botton hollzontal llne 1oad6. ln addltion Eo dllect @easlreDent of horlzoncal dl6placeEents,
extenslon and contlactlon of the lnte!1or dlagotra]s of a closs-sectlon through the oobUe
hone were oeasuied.t BeeEion 3 (see F18ure 7.5). 1n the fo11@Ing discusslon Dlasonal "A"
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refels co rhe line exEendlng flom the floor aE the elndeard qaII Eo the ceillng a! Ehe

leepard ,a11 and vlce verse for Dlagonal "1".

boon-whlfftetree eomblnatlon was loeded at a glven time. The Deasuled absoluEe deftection6

fo! 1o6ds applled sequentlally to lo.d po1trc6 1thlouah 4 sre plotted in llgule 7.6. l,oad

lntensltles ale 1lsted on the f18uie snd cofues?ond splroxlnately to the drag forces 66soc1-

ared wlch a !as1c Flnd speed of 50 iph (22 u/6). The loads wele applied 1n a slnsle

As expeeted, the foruard portlon of rhe Eob1le ho@ supersErucEole exhibiEs less s!!ff_
nes6 than do the central and !ea! portloDs shere Ehe tr6nsverse Pa!E1!1oD salls are located.

It 1s a16o apparent lror llBule 7.6 thar che trdlcared sclffnes6 oI the fouldation syster
at load polnt No. 4 16 Eubstsnclatly less Ehan at Ehe other Ehlee loEd polnts. This ls
belleved to be due to slsck ltr the cotrnecllons becqeen the nobile hone floor s;steo and the

uDderflee (bar lolst6 snd Bcrlngels) 61nce the foundaEion esseEblles wele all ldeotlcal
1n coGEluctlon and !11 tle-dcjrrn calles vele glven the 6aEe p!e1o.d (app!ox1@te1y 100 lbf
o! 450 N) prlo! to te6tlna. Also note that the Ealn support fraDe does noE rlansfe! any

ho!1zonta1 loads Eo the glounil lnd does nor, rherefoie, corcllbute to ho!1zonral deflectlons

Load Case No. 1 - Llne 1o6ds ,e!e applied to the vlnd,erd ua1l only aEd only one

Load Case No. 2 - Llne 1oads eele applied to the Elnduard ual] at aI1 load polnrs

Load Case No. 3 - Th16 load case hcluded hollzontr1 llne loads actina oa the wlnduard

slDultaneously and, .s vlth Load Case No. 1, collespooded Eo 6 baslc ulnd speed of approxl-
@te]y 50 oph (22 @/s). The lelerive horlzortal deflecrlotu are plotted in riaure 7.7.

Note that .lthough the load vB. deflectlon le1atlotr6hips ar boch the floor and cel1lng
p]anes are @n11near, rhe Ioundlt1on EyEt@ respond6 dllecE]y to load qhl1e the Buperatruccule

requlles an Initiat racklng loed of alproxl@Eely r0 1bf/f! (15 N/E) befole the "leewsrd"
wsU on {hIch the deflecclotrs l{e!e Eeaguled becobes fu1ly robllized.

w.11 to 61tu1.te dilg lnd a veltlcs1 1lEe load actlng aE rhe leadlng edge of the loof to

sloul.te uplifE. The Edlrw load aEcalned dullDg Ehe Eest corresponds to a basic qlnd

speed of approxltutely 70 Dph (31 !/B). The hollzontal 1o!ds and deflecElons are ploEEed

1n Flgure 7.8. The lertlcat Llne load6 for this load c.se eele a6 fo1lovs.
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rt ls lEpo.tant to noEe that the deflecrlons plotEed fo! che ce111ng plaoe in
ll8ule 7.8, ehlle belng referenced to the floo! p1ane, have not been corrected fo! lotatlon
of the floor plene and thus do lot reflecl rhe true sclffnesg of lhe superstluctule unde.

lhe losd8 degc!1bed Ebove. The totatlons for the load tes!6 lnvolvlng appuc6tlofl of a

vertlcal llqe load were in all cases lerge enough Eo lreclude rel1a)1e corlecElons of the

meaEured horlzontal dlspkceoente at lhe ce1lltrg platre. To obcaiq an estlMte of Ehe su?e!-

stlucture stlfftress, lefelerce 16 n.de Eo Elgure 7.9 lE whlch rhe dlagotral dlsllacments have

leen plotEed agalnsE the interslcy of che up?er horlzoEtal 1lDe 1oad. Based on slEple

SeoDerflc relallotrshlps, the true lelatlve holizonrst dlsplacenenEs berween the floo! and

ce1l1ng planes .!e 6!p!ox&ate1y 17 pelcent glater th.n the beasured d1aaotr.1 dlsplac@ents.

applled {1th the furelrlon of establ1sh1trg che ultlmte load capaclry of the ho}t1e hooe

supelstluctule under conblEe<I l1lc atrd diag roedln8. Also of lnterest ras the fa11u!e Eode

of the @b1le hone uuderfrse Eo vhich the dlagoMl t14 {e!e attached. H@eve!, the test
had to be temln.ted at a losd levei corlespondtng to a bsslc vlld speed of approxio.tely
90 uph (40 ds) because the allgment of the vercic4l raos eould not be Mintalned unde!

the 1a!ge lotetton aEd l.te!s1 defrecllotrd ercountered. The tesE was lepeated 6fte! the

over-che-to! cle-dods had beer pleloaded Eo approitMrely 550 1bf (2.9 kN). Ioltial
fa11u!e of the suleEstructule occulled 1tr the roof-to-wal1 connecEton on Ehe ulndvald slde

betEeen load polnls 1ad 2 .nd Das foUoEed very shortly by an 1dent1cal fetlure )eEveen

losd potf,cs 3 and 4 vlth the sare loads Epplted. Loed 1eve1s al the tiEe of fallule eele

Load Case No. 4 - Thts load conblEetio! p.s tdentlcal ro Load C.se No. 3 and aas

1&4TophollzonEa1

2&3Top

95 lhr/tc
154

73

143

255

The re81oE of ln1cia1 fsllule Elrh loads 6t111 applied is shom 1n ligule 7.10, In
Flgule 7.U the loof E@b!6ne ha8 leen peeled bsck strd the f6cla 6t!ip rdoved ro expo8e

che he.der and vau p1ate, Sep.ratlon of the he.der lroE the pl6te vaB lpplox1@te]y 2 1n

(50 @) qirh the up11lt loadlng ot 255 Lbt/tt (3.7 kN/D) epplred. The fallure was pro-

tleE8lve 6nd extended ove! the leglon bet!.eed the lo.d sp!4de!E unde! the tte-dom celles.
lo.d-deflection data fo! the celung plAne colld nor be plotred w1!h acculacy beclude of
Ehe 1a!te rotaclons. As rlth load clBe No, 3t releleuce 1s ude to the oe68uled diagoEl
d16p1ac@ente fo! 6n eBttuate ot Etlffne68 of the centlal poltlon of the eupel6tluctule.
The resulcs for loed ce6e No. 4 ere piesented in ligule 7.12, the final itrcleoenE of dls-
plsceEenc belng o46u!ed .fle! lellure of che ioof-ro-E 11 connectlon. Altholgh the lelative
ho!1zonta1 deflectlon at the celling !1an€ lor Ehls rosd Ievel averaBed 0.8 ln (20 @), the
partltlon sal1s .flil end walrs showed no .lgnificanr slgns of d16rre6s.
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FllsE st8ns of dlsEie88 ln the Eob1le hooe underflaEe tor Load case No. 4 uere observed

5t load ?olnt No. 2 uhen a Eela f!1led 1! ore of the bar lolsts, allowlng che botEoo chord

to buckle. Thls occulred uhen Ehe s@ of the ho!1zonta1 line loads (app11ed drsg) ,a6
gpploxisarely 2OO lbt/tr (2.9 kNh). At thlB 6.@ losd level, 1nltla1 yleldlna vsg

olselved ln the eeb of the lo[alludhal 6ttlE8er st load polnt No, l vhere the d1s8on61

rle rlo connecred ro rhe u€b by E4n3 of !n eyebolr. No addlrloEal fallure8 pele obsened

10 the underir.le durlng .ppllcaclon of rhe r@hlEg load lEcr@eEcs. UoEever, splitti,ng
ot the helderB 1n the floor eyete! laa observed at po1nc6 trhele the b6! lolsrs of lhe

underftlDe eere att.ched by 1!8 6crds. A vles of the y1eld llf,es ln the eeb or the 1on8i.-

tudlnll .trhger !t 1o!d poht No. 1 1s shouD 1[ r+uie 7.I3. A short sectlon of steel
chsdnel e.6 u8ed !t elch lold polnt to dlstrlbute che load at the eyebolt. The e.xlEuE

drag lold appueal to lold po1!t No. 1lrs 260 1bf/ft (3.8 tx/h).

Lold C.se No. 5 - ThlE f1n 1 loa<l1ns conflsurltlon applied to che bob11e hooe corclsted
olLy of . horlzont.I Iln€ lo.d lctlng .1ong the top of the vindv.ld FaU. the lulpose of

the test {.s to ex@lne the fa1lule uechanlsE of the psrtltlon waUB snd end ra113 rn 6

stEple r.ckln8 oode, Prlor Eo conductln8 the te6t, the Byst@ of !aD6 and {hiffletleeE for
.ppIyInS the verrlc6l Une 1o!il waB reoved and 2 x 4 c16ts {e!e plEced agalnst the inside
of the wlnd{.rd wall 6t the celllng and Dere nslled lnto the bottoE cholds of lhe loof
tiu634. ThlE.Ilouod the roof-to-uall comeetion, shlch had been ddged ln the prevloug

tesE, to t!.n.fer the uppe! holizontal line lo.d 1nto the roof tru6se6. A plelosd of
approxlutely 500 lb8 (2.2 kN) wa. lpplled ro the ove!-Ehe-top cle-doms to prevent exces-

sive rotltIotr of the @b11e h@e.

Load-deflectlon dlaSru8 fo! potnca !1org rhe leesaid e.lJ .t the celtlng pl.ne Ere

plotted ID lttule 7.14. th€ deflecEloos are lelative to che fl.oor pllne snd hlve been

corrected tor lotrtloD oI the EoblLe hoEe tloor eyst@.

ov@enE of the erd ea1lo and plltlclon orus relatlve to the floor lnd ce1l1ng Eas

DorlEored du!1n8.ppllcltton of Che load lDcr@eDt6, Io1loE1na the.ppllcrtlon of losd

incr@ent No. 5 (dee RlBure 7.14) thls lel.tive "sup" !ve!!Bed 0,1 1n

(2.5 @) aE both rhe floor.nd cel1l.ry for sU r.Us. No sianiflcsnE chute uas obselved

fo! the end e.UE.t Io.d tncrdeDt No. 7, but aveleged.bout 0.2 1n (5 @) for the
plrtltlon ,all., Veltlcr1 .epalatloo of the paltitlod E 116 fioE the floor becee
signlflc.nt du!1Et appllcation of load IDcE@ent No. 8, ave!.tlng 0.5 In (13 @). Du!1nt

the .ppuclt1on of 1o!d lnc!€aent No, 9, portLons of the intellor panellng sep.lsced
froE the front end vaU and troo @.t of rhe peltlrlon e!116. A160, the exterlo! sheer on

the fEont end v.11 developed ! pronouEce<l buckle as lE shoh in Flgule 7,15. Ihle q6s

the hlgheet lold lev€1, .rtalned dulir€ Ehe reat, 1r be1E8 obvlous rh6r no lddlrloD!1
Ieslar.nce co !ack1n8 cou1.l he ileveloped h the superstlucture, The ge?aiatlon of the
plltttlon Eallo froE the IIoo! lvera8ed 2 1tr (50 @) arong Ehe h!ll{.y and s11p avellged
0.4 rE (10 @) .t both floor lnd celung. No separatlo! of the end ua1ls floE the floo!
or cel11ng e.. obBerved. Ir@ever, the €l1p aftet lppl1cltlon of losd lncrdent No. 9
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ave!6Aed 0.2 in (5 m), Dlagonal dtspl,acdents at Sectlon 3 fo! Load C63e No. 5 ale
plotted agahst the horizontal load lntenslty 1n Elgure 7.16. The range of che dlsPlace-

oenc Elansducels eas exceeded wlth the !pp1lc.t1on of load 1rcr@ent No. 7 and Ehe E@1nde!

of Ehe plot 1s gPeculatlve.

7.3 S fnes. coefftclents - Iheie rre sever.l accepEed procedures for quaotlfylnt 6tlffnes8
coefflcletrtB for noEl'lnaE 1old-deflectloo p1ocs. Ior sood frde coDs.tuctlon Ehe 1o6d

pe! unlt length of strucrule correEpondlne to a net deflectlon of 0.1 1n (2.54 @) has been

used [27]. RelevaEt to.Ey detlultlon of Btlffness ls the load dur.tioE (paltlcula!1y

fo! wood flde conBtluctlou) rnd the anticipated lente of etluctulE1 deforD6tion. The

deflecrtond Eessuled 1n thl8 gtuily colle8pond to load dulatlom Eh.t are Eub8tanElaUy

lonter rh6n thoBe ls6oclated vlth ?e!k uild Su8ts and tend, theretore, to oveEdtlDate

the deflecElonB due to actull load fluctuatloft, However, thlB conslder.tloE tu offset
s@ewhst by the lect thlt deflectlon LlDltatioEB usually ielace co 8elvlce condlclon6

rarher rhan Eo ultl@Ee load condltlonB af,d the lssoclaced 8ho!t load dulatton.,

Ir tE u8ual for codes end Etandllds to speclfy dellectlon liolt.Elon8 6s f!.ctloB of

span or lengrh of oabe!, !, typical liDlt6tlons belng L/I80 for stuP1e 6PanE and r/90
for caotllevers. !o! ! @biLe hoEe of typlc.] dtuensions che t.oge of sUoeable deflectloEs

usft8 rhese crltelia rould be apptoxiElte1y 0,5 to 1.0 tE (I3 ro 25 @) for the 6uPer-

srlucture. The fol,I@l,ng stlffnesE coefftclenEs ale ploposed .s best representtng the load-

deflectlon relltlonships presented in Sectlon 7.2 for the fouEdetlon confituraEion uaed 1n

rhls study and for the !!n8e of deflectloDs lelevanc to senice condltlom.

Racklng of end l{aUg

Rlcklag of .eolr.l poltlon
of suDerstluctule

I!6n6verBe loadl.ng of underfraue
lnd foundltlon EyBt@

170 (Ib6/fc) /1n

StlffEe6s coefflcierts fo! Doblle hooes consrructed in accold6nce wlth the Provlsloa8 of the

culrerE feder.l Mohlle lto@ conBtlucEloE and Safety Sr6nd!!d6 cln be e{pected to be 6ubstan-

rlally g!e.te! Ehan the va1ue6 llsted above due to 1Dplovesenls ln 3tluctulal connectiono and

the ileBl8n ot p.ra1r1on uallE, floolB and ceulngB Eo act.a tlue dl.ph!.t@, Hovevet, the

coefflctents deternlned 1n thls 6cudy can sefle 6s a reference !y flh1ch to ludg€ the effec-
tlvenes of lecent Btructu!.I luovatloEB lD Eoblle houe con6tructlon.

100

430

7.4 lorce€ 1n Tie-Dom cables - The tle-dom sch@e used in the 1old-deflecclon studleg

is shoh l.n Elgure 7.1. If 11 1B asEued thlt (1) the 1o.d disEllbuEion ove! the @b1le h@e

cloB6-secclon 1s knowni (2) thac che vlndsard pier o! pedestll 13 unloldedi and (3) that the

<t1aton!1 t1e connecttog the undelflee to the ledsrd aDcho! 16 slack; there .!e flve
unknm forces lD the Eoblle hore gupport lnd cle-dorn sy8t@6. The8e ale valld !8g@ptlon8

shen the ovelturning Dolent equ!16 or 4ceeds lhe restorinS D@enE due to deld told and
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Ehe sysren of forces becoEes statlcally decemlDate 1f Eoo addl!1o@l assuEPtlons are

Eade; (I) thac chere 1s no load eetlng on the te*ard polElotr of the over-the-top tle and

(2) thar lhe coefflclent of flictlon bet{een the Eobile hoEe undelflee and che leeward

ple! ls knom o! thac che slppolElng pie! 1s free Eo lotate and can, therefore, develop no

leslscance Eo tra$verse forceB. The force8 1n the tle-do6 cables and chel! varlaElotr

with applled Lift atrd dlat folces Ere dlscud8ed ia the folloslns.

1n the ove!-the-Eop t1e at the wlnduald 'ra1l ale plotted aealnst the applred dra8 etrd l1fc
folces, lespectlvely, It 1s seen th6t the force ln the dlagonal lle tncle63es raPldly

shen rhe epplled draa Ioad exceeds A2 Lbt/tr (l-2 kN/o), lndicatlnS that sudlDg of Ehe

longltudl@I sulngers on the p1)-ood pads coverlns the gupport colu@s has occurled.

Beyond thls polnE approxlEately 65 pelceEt of the lncr€ase 1n Ehe applled drsg load 1s

leslgced by the dlagoMl Ele. Flot Dea6ure&ent6 of veitical forces io lhe foundatlon

a6seih1y, the ehsnge ln Ehe veltlcal reactloD at the leeEald stlinge! teEueen load 1ncleEents

4 and 6 of Flgule 7.17 uss apploxtuately 5OO lbt (2.2 kN), suggesrhg a coefflclenE of

fllcrlon of 0.4 berkeen the plyuood pads and Ehe botroE flange of the longltudlnel 8t!inge!
of the loblle hooe.

Load C.se No. 3 - ID Flsure 7.17 tle Deasuled forces in Ehe actlve dlaaoEl t1e eEd

Ioad case No. 4 - Olth leference to Flgule 7,18, lhe lhreshold of slldlns ls not

the force ln the over-the-top tle, vh11e ploEEed againsE lhe vertical 11ne load ln
rrSure 7.17, actuaUy depends upon both the applled drag end IIfE force6 as Ehe restorhg
Eooent due to the dead Ioad of the boblle ho@ ls exceeded. However, slth the drag and

llft Iolceg Eslnt4lned a! a coEotent !e1ar1ve lntenelty a 1lnea! plot should be obtahed.
Thls Is 1llu8t!6ted by Lo6d Caee No. 4.

clesrly deflned, buE I! ha6 beeE eubscanclally increaged by preloadhg the ove!-Ehe-top

Ele, The rele!1omh1p betueen the force tn tle tie and the applied lif! and dlat 1o6ds

becooeE hlghly linear sfle! rhe foullh load j.ncrdenr. Chenges ln Ehe ovelEulning EoEents

due to lift ad d.ag and the re€18riry oooenr due ro the tle-doh cable on Ehe elndeard

slde dlffer by approxlEately 3 pelceDt ove! the linear range.

On the ba31B of these !8u1ta lt can be coneluded thaE aecurate 4Etuaces of tle-dom
fore4 unde! ext!@e loadlnS condl!1oDs shlch overcoEe the restorlng rmenE due co d€d load

can be @de ulth ?!ope! cholce of fllction coefflclent 6nd the assuE?tlon tha! the folce
ln the leeuald porrlon of the ove!-the-top t1e is zelo. As Eutge8ted ear11er, the as8uptloo
EhaE t,c suppnltlDt plerB c.n leslst tlaffve!8e folce3 @y not a1way6 he v311d. Glven the

:_1ucr r r.in8 naEure of l1It and dr6g forcesr lt 16 entirely posBlbre tha! a Eoblle home can

"valk" a,,ross Lhe ple! cap tf Ehe over-che-to! t1e6 sre slack, Ehus sutJectlng the dlagonal

tie to the fu11 inteDE1ty ot the draA load.
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8. CONCIUSIONS AND RECOIOIENDATIONS

Baeed on full-sc.te EeesuleDents of uitrd 6ree<I6 and concoElt.nt loads lctlng on a

12 !y 60 ft (3.7 by 18.3 E) Eob11e hooe.nd rh€ behavio! of rhls Dob1le hoEe unde! slEulated
lo6d8 collespondlns to tasic Dln<l Bpeeds of 70 !trd 90 Elh (31 and 40 o/s), rhe fo11ow1tr8

eoncluElons c.n !e staled:

(1) Ihe loads lisred 1E T.bIe 15 leplesent Ehe .verege DaxtEu values llkety to occur ror
dode.ately open {1nd eaposules and fo! ba61c qlnd s?eeds of 70 and 90 Eph (31 and 40 m/s).

(2) IGasuled dlat lords teEd to conflfu the deslsn dra8 loeds currencly speclfied 1n rhe
fedela1 rioblle Ho@ consErucrlon lnd s.fety Sr.nd.lds (Deceber 1975). lor rhe s@e baslc
wlnd Epeeds, upufE loads extlapolated floo flr1l-scale EelsuleoentB .!e .ppioximarely 80

lelcent Sreater than rhe de618n uplift loads currenrly spectfled.

(l) Exc!@e Eeg.tlve pressule flucE@tions on che extellor of slDa1e-Elde oobile hoEes

occur on the end wal1s .nd along the pelllete! of the roof oveE stllps !pp!o*l@te1y
2 ft (0.6 t) ,ide.

(4) Averqe DsaloLE uplift loads are nor stlongly lEfluenced by the presence or absence of
skirtltr8. Drag Io.dE c.n be ls6ued to v.ry dlrectly elth the plojected s!e. of rhe oobl1e

It 1B felt th.t the folldlnA coucluslong u111 be u6efu1 ln ey future rolk deallng Dith
,lnd forces of, @blle hooe6.

(5) The lesonlnE coEponent of reBpon6e !o dlAg .nd l1fr folces 16 netllglble fo! bs6lc olnd
speeds up to 90 lph (40 D/s) .

(5) rhe averaee tdl!@ v.1u* of ple6sure atrd folce coefflclenrs can convenlearly be

explessed 1n Eem6 of ! Eeatr coefftctent and lhe ploducE of a pak faetor and a !oot-ne.n-
6quaEe (t.a.s. ) coefflclent.

(7) A He1bu1l dlsEtlbutlon slE16facror1ly desclibes rhe plobabUtty dlsErlburlon of peak

plessure and 1o*l fluctu.tlonB.

(8) AccuEate estret.s of tle-doh forces uod€I lo.dlEt condlEtons ehlch overcoDe the de!d-
lo.d reotorlng ooo6E cln be ude on the b.s16 of .tupufylng a.s@ptions.
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rhe foltoutng recomendatlons ale Mde wlth regard to the ullllzetlon of results obtalned

froo Ehts study af,d wlth lesald to fu[ure research lnto wlnd effeecs on nobl1e hones.

(1) The losds Ilsted ln Table 15 Bhould fotu the basls for the design of Eobl1e hores co

,estst wlnd forces and ulnd load provlsloru of Ele fedelal Moblle H@e constluction end safety

Stadalds should be rwlded aE Eug8e6ted by che uoldlna of Appendlx ! of lhl8 !epo!t.

(2) ConslderEtloE Bhould be 81ven to the testint ot Eobl1e hoEe 3ca1e oode1s of varlous

geoEeEl1eB ln elf,d tuDneIB to augnent the lecomended design loads listed 1n Table 15.

lxpelitrenta1 data plesenteil 1f, thlB repolt €hould be used to valldste che Eodelitrg technique

(3) ReaLlsrlc liEltstlona oa Btluctulal deflectlom ahould be estabughed for senice load

coEdlrlons, rakiDg lnto accouoE recent lnnovatioM 1n @!Ile hoDe de318II and coDsEruction.

(4) Addltlonal lesearch should be conducted Eo esta!11sh an 6pp!o?!1ate Eorklng sEress deaign

eq@tloE for c1e-doi.4 tErduale anil 1CB lntelface elth the Eoblle hoEe. Estl@tes ot the

eoeffictenr of vsE&t1oE of reslstance for varlouB tie-dM cooponents should be tased on

Iosd teEr6 thst stuulare the fle6n and fluctustlng coEponent8 of 11ft and d!69 forc$ leported

ID conc1u61on, lt ouoE be eEphaslzed rhat the reco@eEded de61Etr r1trd loads l1sEed 1n

Table 15 and 1E Appendlx B ale based or dllect fleld carrled out on a ful1-
scale nobl,le hone, the teooetly and Eass dlstllbutlon of whlch are rePle8entatlve of curlent
sln8le-w1de Eob11e h@e congarucrlon. rhese load leco@endeclons are 1n no ,ay lelated to

the constrctior detalls, load-detlectloo relatlonshlPs and tall,ule nodes dlscussed in
Section 7 of this leport. The oeesureoents liesented in Sectlon 7 are exPlolatoly 1n nature

and are qot clatued co be leplese4tatlve of sEructural characcerlstlca of curlenE Eob11e

hme c6.Etructlotr.
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Metbel8 of rhe Stluctuleg SecElon steff plovlded valuabte s8l3taflce durlng Ehe

course of thlB experlDental lnvesrlSarlonr rnd tbel! conrrlbutlons sre 8latefuuy ackld-
ledged. The suthor e1€hes to €rpreE6 h16 dpeclal thanks to the foUoslng lndlvldu6lB:
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Mls. cathy l,l. usrfleld, Adrlnlstratlve Ald, lerforEed Lhe cyplng of EhiB lepolt.
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Dr. l. A, EUhgEood anil Mr, C.W.C, Yaacey I structulal ReBealch Englneer8, deBltned the
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Dr. E. V. Leyetrdecker, Structural R$e6rch En81Eeet, de8lgrled the loading syate@ ueed ln
the load-def lectloD atudleB.
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To 111ust!are the precedule outllned 1n sectlotr 6.4, the average @xlEu pressure coef-
flcldEs .!d the reco@endeii deslgn pres6ure fo! tllbutaty rcof .reas (excludln8 the loof
perloete!) ale deteElned fo! a sln81e-wlde Eob1le hoEe 1n the foll@1ng exaEPle.

1I, APPINDIX A

IllusEr.Elve !x6op1e - DeEemhatlon of DeslAn loads

qh = (0.0011)(70)- - 5.4 psf

The lalue of P(>X) 16 obtalned froo Eq. 23

lroE !q. 11,

The Eultiple-polnt pressule coelflclents for Record No. 10-4, Eaps R8 Eo R11, are

presented io Table 4. Ihese coefflclencs were coDputed uslng a recold lengrh of 504 seconds

and a oeln rlnd speed of I3.0 Dph rr .he helght of the Eoblle home (see Table 1). Arso

llsred 1tr Tab1e 4 are the peik factor g, the upcrossing late oo, che pek r.re npt and the

Welbull parueters c atrd k. As prevlou6ly discussed, the valu€ of C-, C

consldered ro be 1Dvlrlatrt vlEh v1nd 6peed.

Assuolng ! baslc wlnil 6peed of 70 oph, the rc.n dyneic lefelence pre63u!e,

obt.ined f!@ Eq. 21.

P('x) ' G6o-x-1t€I'ri6t = r'5 x 1o-4

the essociared pelk f.cto!, t, can nos be deteElned, elther !y usiEg Eq. 11 or by resortlng
to prohabillEy paper !B shom in uture 5.6.

d
lo,5oi

12

s = 8.6

.l.5x10

Sloce netltlve dep.lturs floE the oean.!e of lorele3c fo! extehal p!e68u!e6 eclina
on the roof (BucrloD), the peak factor 1s based oD netlElve depEtules fr@ the EelE lDd

the peek treaatlve pressule coeffleleDc 16 obtllaed as EoUov6:
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c-
P

=C-+eC

- -0.95 + (-8.6) (0.35)

- -3.96

(see Eq. 22)

These !!e Ehe v!1ues of r(>X). s lnd C! l1sted 1n Table 10 fo! Record No. 10-4 and forp
una - 70 tph. An ldeotlc.l Ptocedule i3 u6ed to obhin Ehe co!!$PondlDt valueE for
uFlt'90 Eph' In detelilnlng the lEterrlll P!e88u!e coefflc1ent8, the Peak flcto! rd b.Eed

on poBltlve deplrture8 fron rhe oelrn 31Ece th13 rr1l1, when coEbhed Elth the netltlve
externll p!e6su!e lctlng on the !oof, produce the rc6t c!iEic!1 p!48uEe coEblMtlon.

Asrtn vlth lea.rd to tllbutlly !r€!B of the roof, the va1ue6 or C6 1tuted 1n T.ble 11 are

obtained frm lverltiEg the teldmt Eultlple polDt pre.sule coefflcleEts Usted ln Table I0
lEd the loterD.I Fessure coefftcledts llsted ln T.ble 9, Eor UFM = 70 Dph (Table 11), the

v.1ue8 of C^ fot crlbut.ry loof a!e!o aDd for the Elxr!@ lnEerul prsaule .re -4.30 lnd
+I.OO, respectlvely. The collespondlns vllues of ; (see Eq. 22) fot !n - 5.4 0"6.'"
-23.2 psf lod +5.4 p.I, le6peetlve1y. Slnce chese pressules both acE upuard on Ehe !oof, che

codlned pre88u!e b -23.2 -5,4 - -28,5 psf for uru - 70 tph. Flnelly, .pply1nt che load

reductlon facto! of 0.8 fo! t o!l-1ng stless d€eltn.s ls dlscu6sed 1n Sectlon 6.6, the

reco@ended lord for the deslgn of trusseo, roof o€Ebrane aud fasteners in the stlndard wtnd

zone (r.ble 15) ls (0.8)(-26.5) . -23 psf.
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Reco@ended Revlslors of sectlon 280,305 "Scruclural De618n Requherent6" - lederal Mob11e

EoEe ConsElucElon and Safety Scanderds, DeceEbe! 18, 1975.

12. A?P!\'DIX B

RI'LES AI\'D RECULAIIONS

the fo11oe1na chaoSes ln the rules and regulaalons of sectlon 280.305 "StiucEula1
Design RequlreEenEs" are recomended on the basls of fu11-scs1e heasureEents, desl8n criteria
aod plocedures descrlbed elseshere ln chls report. The loads lndlealed in the EolLoslng

palagraphs are equlvalenl statlc lo.d8 fo! the deslgn of Eoblle hones and their ancholing

syst@s Eo reslst ulnd forces and replesent averaae @xlE@ loads for Ehe condiEions stated.

sec. 280.305 StlucEu!a1 deslsn !equiruents,

(a) (see orlBiDaI text)

(b) Desiga Loafu. (L) Deeagn dead 7rad3. Deslan deed loads shalt be rhe actual dead load

supported !y the strucculsl ass@bly under conslderallon. (2) D%i.gn LiDe Loa* - Il].e desien

live toads, lncludha rlnd ard snos Loadsr shau be as speclfled 1n thls SecEion and shal1

be con8idered to be unifoEly dlstrlbuted. The roof l1ve load or 6nos load sha11 not be

coDsiilered eE actlnA slDulteneousLy wlth lhe Dlnd load and the roof llve or sno load aod

floor llve toads shatl trot be consldered as leslscln8 the overturnlng honenE o! sliding due

to wlnd. (3) I{hen engloeerlng calculatlons ale perfoloed, al1ouab1e unlE stlesses My be

lncreased as provlded in the doc@enrs lefelenced 1n Sec. 280.304 except a6 shoun otheMise
1n sec. 280.306(a). (4) The Data PLate posted 1n the oobtle hoEe (see sec. 2E0.5) shall
shoe fo! qhlch sEructural zone(s) of the UsA the Eobt]e hoEe ha6 been deslsned and the actual
destgn extelDa1 snos and/or Elnd l1ve loads, The Data plate sheIl tnclude reProductlons of the

Load zone Meps shom ln sec. 280,105(c) a8d (d) ard lerated lnfolfution. the Load zone }laps

sha11 be not less lhan one-half the Bize 1lLusclaEed.

lc) qinn LoaAa. (t) StanAald v1:vl. (zone I). ulen 6 Dob11e hohe 1s not deslsnated es

"Hu!!1cane-Res 1B t 1ee, " the Eob1le hole snd each Hlnd reslstlng psrt end portlon thereof shell
be deslgned fo! the loads 116ted under "srsndErd Ulnd (Zone I)" ltr Ehe table below.

(2) u"n:oafle Reaietire (Zola Ir). (1) lrhen a Eob1le hore 1s deslsnaled ss .Hu!!1cane

Reslstlve,rr the troie and each ulnd reslsrlDg p6rt end poltion theleof dhe1l be deslgned fo!
the losds 11sted under "Itu!!1caoe Reslstlve (zotre II)rr 1n the table be1ow, (11) ror exlosules
ln coastal and other ereas ,he!e Elnd lecold8 lndlcare slgnlflcantly h18her loads than the

loads speclfied fo! Zone I end Zone I1! the Deparlflenr my eslabl1sh more strineent !equl!e-
f,ents fo! hodes knoh to be deslrned for such areaE,
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(d) Raof :,.dds. (1) E1at, cuFed and plEched roofs sha11 be deslgned Eo reslst the fol-
lortng l1ve 1oads, applied domserd on Ehe horlzontal prolecEion as a?propriate for the

deslgn zone @rked on Ehe oobI1e hoEe:

I::1"';::.:-.-----.---:-----:---------:----------------------------------i-----i ,,,,i:'
south zone----------- -----------------------20

(2) lor expoBures ln a!ea6 (Eoutrcalnous or other) uhere sro, recolds o! experlence

lndlcate stgnlflcanE dlffelences froE the loeds slated sbove, the DepartrenE ray e6tah11sh

oole stritrgent !equ1!dent6 fo! hoEes knom to be destlned for such areas, For snou

1o6d8, such lequireoents are to be based on a roof snow load of 0.6 of lhe Sround 6noa

losd for areis exposed Eo Hlnd and a roof snoe losd of 0.8 of the around sDoD loed for

(f) Fascenlot of stlucEurel syst@. (see orlghal cexc)

(s) Udlla. The rall6 EhaU be of Eufficlent stlentlh to ElEhstand the load requlleEenEs

aB defhed ln sec. 280.305(c) and (d) of thls palE snd, qhen suuected to horlzont6l Loads

of 15 6nd 25 lbe/ft' fot Zone l snd zone II, lespectlvely, BhaU not exceed the deflecllons
aE Bpeclfled ln sec. 280.305(e). The connectlons betueen Ehe bearhg ralls, floor, and loof
flaDeuolk EeDbers 6hat1 be fatrlcated ln such a @nne! 66 to plovide Elppolt for the @ter1a1

u8ed to enclo8e the uobl1e hone enil co provlde fo! tEsnsfe! of a1] Iateral 6nd verttcel loed8

to the floo! 6nd chassls.
(l) Excepr shere substaEtlated by englneellng anslysls or Eests, studs sha11 not be

notched o! dr11led in Ehe niddle ooe-thild of rhel! lenBth.
(2) lntetlo! val15 and paltltloDs shall be constlucted ,1th stluctula1 c6pac1!y

adequ6te for che lntended purpose aDd shaU be cspsble of leslsElna a horizontal load of
nor leEs than rlve pounds per square foor. Flnlsh of ealls and palrlt1oDs shal1 be securely
fascened co E.U fraolng.

(e) Deslsn Load Derlectlon. (See or181na1 text)

(h) Eloors. (see o!1s1@1 tat)

(!) Raafa. (1) Roofs Bhelr be of sufflclen! strength to wltkEand the load lequ1leEentE

ao deflned In sec. 280.305(b), (c) snd (d) of thls part and, whetr sublecced to uptlfE loeds

of 9 and 15 lbs/fr2 tot Zone I and Zone 11 lespectlvety, o! the loof loa<ls of Sec. 2SO.3O5(d),

sha11 not exceed the deflectlons specifled lu sec. 2E0.305(e). the connectloE6 betueen roof
flaDeuork Edbers snd beallnt 8a116 sha11 be f6brlcated !n such a @nner to provlde for the
transfer of deBlgn velrlcal End horlzoEral loads Eo lhe bearlng EaUs and ro les16t upllfr
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(2) Rooflng oeobranes shaU be of Bufficlent rlgldlty to plevenE deflectlon whlch ,ou1d

pemlE pof,dlng of trater o! 6ep6latlon of sea@ due to wlndr snow, !ce, electlon o! transpot-

(3) cutrlns of roof fiereeork Eubeis for ?eesaae of electllca1, pluabing o! oechaDical

systeEs shall not !e allored except rhere subslantiated by etrSlneertna analysls.
(4) A11 roof leneEretlons for electrlcsl, pl@blng or nechanlcal systeos shal1 be

ploperly ftashed and sealed. Itr adilltloq, uhele a Detal roof ndbrane is ?enetrated, a

eood becker shal1 be 1nstal1ed. The backe! plate shal1 be not 1es6 than 5/16 trch pl)ryood,

wlth extertor gIues, s€cured lo che loof flerhg syslen beneath the rcta1 roof, and 6ha11

be of a slze to assure thal all sclevd secu!1ng the flashing ale hetd ty Ehe backer p]aEe,
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D€1gn of ErlJ3eee, rool Delbrare and fasteDers (deepE aE noted belos)
Roof EeoblaEe and faEEererg on sErlp 2 feet elile dteEillEg alound pelheter

overhargs Cret uputc)

(zone 11)

-40 (-30)

-61
77

Deaign LoalE far 5tunntrd. @A *dc@e tlind. zonea

DeElAn of lolst8, floor pane16 atrd fascenelB (occupancy load dcluded)

SIANDARD

@;;-it
EURXICANE

-23 (-r8)ROOI

SIDE Erl,LS

ELOOR

DIAC LOA.D

UPLIFI LOAI)

-36
15

I5
-t2

26
-21

D€rtttr of Btud8, doors, ulrilor.€, qterlor sall cov€rlo8 and flsrenels
(ercept e3 rcred bel.ol.)

Erterlo! fl411 coverlnt and fast€nels at end8 of sldda1ls on vertlcel €t!1ps

END IALLS De61an of .tuil8, fllndovE, qtellor EaIl covellDa and fasteners 15

-32 G24\
25

-56 (-40)

-24

6

r7 (15)
15

16

29 (24)
24

-40

10

2A

Load 4ctlng o[ horlzoEtslly prolected are of Btructule 6nd used for
d8lAn of stroctural subsysreM ro resist racklrg (see Note 4)
Ead secclors (1/4 lensrh)
Cencral Becrion (I/2 lensth)

Load actlnS veltlcal]y upEald on plan alea of struclule and used for
deslgr of dtlucturel subsyslem to reslEt beEdht In vertlcEl plane (see Note 5)

1. Ar1 ple8sur€ ln pound8 per square foot.
2, Negattve slgo lDdlcateB presEules actlns outsard.

3. Loads hdlcated by ( ) are to be appued to double-rlde unlts oDIy.

4. Resultant to be applled at 0.6h above arouEd l€vel. h 16 he18hr o! roof-rau 1nlereectlou
5. Resultan! ro be applled Ec 0.4w froE wlndward edae of roof. W 1s wldth of Eollle hoEe.
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